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:  "  During  construction  on  permafrost  (under  the  conditions  of  the  possible 

:  thawing  of  the  latter), -the  question  concerning  the  amount  of  forthcoming  set- 

<  ’  tlings  has  unique  significance.  An  estimation  of  these  settlings  can  be  made 

on  the  basis  of  experiments  with  hot  punches.  Let  us  examine- a  procedure  for 
testing  with  punches^ recommended  by  N.A.  Tsytovich  ([Note]:  Collection  of  In¬ 
structions  issued  by  KOVM  of  Academy  of  Sciences  on  studying  frozen  soils,  1938; 
Tsytovich  and  Sumgih,  Qsnovy  Makhaniki  Merzlykh  Gruntov  (Fundamentals  of  Frozen 
Soil  Mechanics)).  , 

According  to  this  technique,  the  soil's  thawing  is  envisaged  by  means  of 
healing  the  water  poured  into  a  test  borehole  for  a  depth  of  2O-3O  cm  above  a 
sandy  filling  {2O-3O  cm)  which  covers  the  borehole  bottom  after  the  placement 
of  Iho  punch.  Heating  bho  water  begins  after  loading  the  punch  with  the  plan¬ 
ned  weight.  Thawing  continues  until  stabilization  of  the  settlings*  If  with 
the  lond  adopted,  abatement  of  settlings  does  not  occur  (in  this  collection, 
neither  the  depth  nor  the  thawing  pattern  by  depth  are  stipulated),  it  follows 
that  (as  N.A.  Tsytovich  points  out),  the  load  used  during  the  test  can  not  be 
adoplcd  as  the  permissible  load  and  in  this  case,  a  repetition  of  the  test  in 
,  other  bore  pits  is  recommended.  For  revealing  the  minima]  amount  of  load  at 

which  settlings  not  attenuating  through  time  will  occur,  it  is  recommended  that 
tests  be  repeated  In  various  bore  pits  at  varying  amount  of  1ead.  In  the  book 
,  by  Tsytovich  and  Sumgi.n,  It  is  stated  further: 

'  "In  combination  with  other  data,  the  results  of  tests  conducted  on  fro¬ 

zen  soil,  with  a  trial  load  on  thawing  provides  the  possibility  of  choosing  the 
value  for  permissible  compression  stress  for  the  thawing  soil.  This  value  can 
ho  obtained  by  dividing  the  minimal  critical  load  (limit  load)  by  the  corres¬ 
ponding  safety  factor,  which  can  be  assumed  to  lie  in  the  range  from  1.25  to 
2.0,  depending  on  the  rigidity  of  the  structure  which  is  being  erected. 
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For  the  following  reasons,  such  a  contusion  not  in  no  way  be  recognized 
as  adequately  justified* 

In  the  First  place,  the  technif|iie  recommend en  /y  Tsytovich  For  conduc— 
tin/'  the  Lests  suFFers  From  a  number  »F  ilefects  and  oos  not  provide  the  possi¬ 
bility  of  properly  establishing  that  "minimal  crils  a!  (limit)  load"  which  the 
author  lias  in  mind*  For  instance,  we  cun  stress  th.'  following  aspects: 

a)  The  presence  of  water  in  a  liore  pit  nec*  -sarily  affects  the  soil's 
physical  properties; 

b)  Ve  recommend  conducting  the  soil's  that  ?sg  until  complete  attenua¬ 
tion  of  the  punch's  settlings;  moreover,  a  dept*\  t  jjiimum  and  degree  of  thawing 
intensity  are  not  specified*  At  gradual  thawing,  one  minimum  caused  in  the  in¬ 
crease  of  subsidences  through  time  can  set  i:i  a,  eny  thawing  depth  and  any 
load  but  this  will  still  not  indicate  anything  "bout  the  value  for  the  bearing 
ca|iacity  and  settling  tendency  of  soil  during  i  <-s  thawing  under  a  structure* 

c)  The  “commendation  to  conduct  the  th  .wmg  to  the  point  "when  for  the 
same  time  periods,  we  find  the  same  increments  in  settlings"  also  fails  to  pro¬ 
vide  the  possibility  of  making  any  conclusions  since  the  situation  caused  by 
N*A.  Tsytovich  could  be  the  result  of  the  soil's  thawing  rates  rather  than  of 
its  properties* 

d)  We  recommend  constructing  the  settling  curve  as  a  function  of  time* 
However,  jn  case  of  continuously  thawing  soil,  such  a  curve  does  not  provide 
anything  for  evaluating  its  hearing  capacities,  since  the  pattern  of  settlings 
will  depend  more  on  the  thawing  intensity  than  on  the  bearing  capacities  and  the 
amount  of  the  load. 

In  the  second  place,  it  would  have  been  incorrect  to  solve  the  question 
about  the  permissible  load  by  the  application  of  just  one  "safety  factor"  be¬ 
cause  frozen  soils  (and  the  permafrost  soils  in  fwirticular)  often  occur  in  a 
"heaved"  state*  In  our  opinion,  by  "heaved"  soils,  we  should  connote  the  soils 
in  which  the  skeletal  particles  have  been  separated  by  ice  crystals  and  pock¬ 
ets*  At  the  thawing  of  the  "heaved"  soil,  its  skeletal  imrticles  acquire  the 
possibility  of  merging,  and  the  soil  (not  even  being  loaded)  but  only  under  the 
ofl'ccl  of  its  own  weight,  decreases  in  volume,  i«e.  it  settles*  If  such  a  soil, 
already  having  experienced  its  "thawing  subsidence",  is  burdened  with  an  exter¬ 
nal  load,  it  will  develop  an  additional  settling,  "compression  settling",  the 
value  of  which  will  dcpciJ  on  the  amount  of  load  applied*  Having  lovered 
the  load  on  the  soil,  we  will  reduce  the  "compression  settling".  Such  a  lower- 
in/'  tuny  not  he  reflected  (or  inity  In*  reflected  quite  weakly)  on  the  actual  val¬ 
ue'  of  "thawing  subsidence";  at  the  same  time,  the  value  can  often  be  quite 
appreciable  and  can  surpass  the  "compression  settling"  in  the  presence  of  even 
significant  loads.  Under  such  conditions,  tin*  assumed  "safety  factor"  does 
not  avoid  inadmissible  settlings  and  does  not  save  the  structure  from  intoler¬ 
able  stresses* 

We  suggest  another  method  of  tests,  the  basic  tenets  of  which  can  be 
described  as  follows.  A  punch  (Pig*  l)  is  placed  in  a  bore  pit  at  the  marker 
corresponding  to  the  footing  of  the  foundation  which  is  being  planned*  The 
punch's  heating  is  accomplished  with  steam,  electricity,  etc*  To  intensify  the 


i 

i 
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thawing,  on  the  pit's  bottom  ve  place  the  coil  of  a  steam-conducting  pipe  and 
some  heat- insula ting  imtcrial*  Thawing  is  achieved  under  a  load  somewhat  less 
than  that  planned  (in  the  event  that  the  latter  proves  excessive  for  the  soil 
in  question)* 

It  is  necessary  to  monitor  the  progress  of  the  soil's  melting*  Thawing 
depth  and  settling  of  punch  are  determined  simultan30usly* 

Vhen  the  thawing  hrs  been  brought  to  a  depth  of  at  least  twice  the  width 
of  the  punch,  the  steam  flow  is  shut  off;  however,  the  load  on  the  punch  is 
mainta  ned  until  stabilization  of  settlements  and  thawing  depth* 


The  punch  is  then  subjected  to  an  additional  load  by  steps  of  0*23-0*5 
kg/cm2  each;  the  subsidences  are  stabilized  at  each  step*  The  load  is  brought 
to  the  critical  point,  i*e*  after  completion  of  thawing,  the  experiment  is 
conducted  according  to  the  procedure  adopted  for  thawed  soils*  Unloading  is 
also  accompl ished  by  stages  of  0-5-1 .0  kg/cm2  each  based  on  the  same  technique* 


Pig*  l«  Punch  Tor  Determining  the  Settlings  of  Structures:  1  -  plate 
men suring  120  X  120  X  10;  2  -  lid;  1  and  4  -  internal  ribs;  5  and  7- 
side  plate;  (>  -  plate  measuring  707  X  707  X  12;  8  -  longitudinal  ribs; 

')  -  external  ribs;  and  10  -  nogulur  rib-  Key:  u*  Pipe  1  l/2"  in  diam¬ 
eter;  iuhI  l>*  Pipe  l"  in  diameter* 


Observations  of  the  frost  level  are  also  continued  after  the  cessation 
of  thawing  because  a t  is  necessary  to  strive  toward  the  condition  that  the 
frost  level  would  not  have  changed  at  additional  load.  To  counteract  the  in¬ 
crease  in  freezing  under  the  effect  of  the  cold  in  the  lower  layers,  we  can 
use  a  slight  brief  admission  of  steam* 


The  entire  experiment  is  continued  for  about  1  weeks. 

based  on  the  test  results,  we  have  drawn  a  graph  reflecting  the  punch's 
settlings  depending  on  depth  of  soil's  thawing  beneath  it  (Fig.  2  —  curve  OABj 


and  a  curve  showing  the  punch's  settlings  depending  on  the  amount  of  additional 
loads  (after  thaving)  (Pig*  3— -curve  A j.9f)  -  These  two  curves  provide  the  pos¬ 
sibility  not  only  of  judging  the  degree  of  settling  tendency  of  the  tested  fro¬ 
zen  soil  on  thaving  under  load  but  also  ox’  computing  the  value  ox'  possible  fu¬ 
ture  settlings,  depending  on  depth  of  soil's  thaving  and  on  amount  of  load. 

In  the  technical  literature .  only  one  method  has  been  suggested  for  esti¬ 
mating  the  settlements  of  structures  on  thaving  soils,  based  on  data  from  an 
experiment  involving  the  heating  of  punches — this  is  the  "equivalent  layer” 
method  in  the  above-cited  report  by  Tsytovich  and  Sumgin.  In  our  view,  hcvever, 
it  does  not  appear  possible  to  employ  this  technique  in  the  form  in  which  it 
has  been  discussed. 

The  equivalent  layer  method  assumes  the  presence  of  two  conditions:  a) 
constancy  of  the  compressibility  factor  throughout  the  entire  compression  zone 
and  bj*  the  existence  of  direct  proportionality  between  stresses  in  the  soil  and 
its  deformations.  However,  in  the  case  of  frozen  soils,  neither  one  nor  the 
other  is  customary,  as  clearly  follows  from  a  consideration  of  the  property  of 
heaved  soils  capable  of  developing  settlings  even  in  the  absence  of  a  load. 

Then  the  actual  pattern  of  the  compression  of  soil  layers  within  the 
compression  zone's  limit  occurs  (in  the  case  of  frozen  soil's  thawing  beneath 
a  structure)  under  quite  different  conditions  than  in  the  case  of  thawed  soils. 

The  thawing  of  frozen  ground  under  a  structure  proceeds  gradually,  layer 
by  layer.  Each  newly  thawed  layer  quickly  (we  might  say  instantaneously)  be¬ 
comes  compressed  by  the  load  from  the  structure  and  the  soil's  own  weight.  The 
pressing  seemingly  occurs  without  the  possibility  of  lateral  expansion  for  the 
Ihnwcd  layer  since  the  first  thawed  layer  (it  can  he  conceived  as  arbitrarily 
thin)  will  he  located  between  the  rigid  foundation  and  the  underlying  unthawed 
ground,  which  also  can  lie  regarded  as  iiieompressib I e  rock.  The  subsequent  thaw¬ 
ing  layers  will  exist  under  similar  conditions  since  from  beneath,  they  will 
have  the  same  unthawed  ground,  while  above  they  will  luive  the  recently  thawed 
layers  hut  whieh  have  already  heroine  compressed  without  a  chance  for  lateral 
expansion;  these  recently  thawed  layers  can  also  be  considered  incompressible 
in  relation  to  the  newly  thawed  layer*  Wo  should  invariably  have  such  a  circum¬ 
stance  whenever  a  layer's  thawing  proceeds  more  gradually  than  its  compression, 
which  in  most  cases  will  be  in  effect* 

It  is  quite  apparent  that  such  a  pattern  in  the  compression  of  soil  be¬ 
neath  the  foundations  does  not  correspond  in  any  way  to  the  assumptions  lying 
at  the  basis  of  the  calculations  according  to  the  equivalent  layer  method.  This 
also  compels  us  to  recognize  the  inapplicability  of  the  technique  to  the  fro¬ 
zen  soils  thawing  under  a  structure. 

On  the  basis  of  the  data  obtained  from  the  experiment  with  a  hot  punch, 
we  suggest  the  following  method  for  estimating  the  settlings  ([Note]:  The  meth¬ 
od  of  estimating  the  settlings  based  on  data  from  laboratory  tests  with  frozen 
soil  samples  has  been  discussed  by  the  author  in  the  articles  in  Stroitel 'nava 
Promyshlonnost* .  No.  1 ,  19-10  and  in  Byulloten1  Soyuztransprovekt  for  December, 
1019). 

In  Fig.  2,  we  have  shown  curve  OAB  for  settling  oT  a  hot  punch;  this 
curve  was  derived  during  Hie  testing  conducted  in  19lN  by  the  author  at  one 
of  the  construction  sites.  The  punch's  dimensions  were:  70.7  X  70.7  -  5,000  cm2. 
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All  the  additional  inferences  follow  from  the  assumption  of  the  soil's 
uniformity  by  depth  of  foundation  laying;  this  can  bo  verified  by  geologic 
cuttings  and  by  laboratory  analysis  of  the  soils'  physic o-mcchanical  properties* 

As  is  evident  from  Pig*  2,  on  thawing  to  H  10  cm  depth,  a  punch  with  an 
area  of  5,000  cm2  yielded  a  subsidence  of  0*75  cm;  this  provides  a  compression 
value  AbH/H  --.0*75/10  -  0*075  (below  10  cm,  the  unthawed  gro  ind  consists  of  in¬ 
compressible  rock) • 

A  foundation  similar  to  our  |iunch  but  with  dimensions  of  sides  n  times 
larger,  on  tiiawing  for  the  same  depth  of  10  cm  under  the  same  amount  of  load, 
yields  the  same  settlement  of  0*75  cm,  since  the  degree  of  stresses  under  the 
foundation  in  the  10  cm  layer  under  consideration  will  differ  little  from  the 
stresses  under  the  punch*  With  adequate  justification,  we  can  assume  that  the 
amount  of  this  stress  under  our  foundation  will  also  retain  its  significance 
for  depths  greater  than  10  cm,  namely  to  a  depth  of  10  X  n* 

For  example,  if  we  take  a  foundation  with  sides  70*7  X  2  =  141*4  cm, 
i*c*  if  we  assume  n  -  2,  we  can  postulate  that  the  stress  under  consideration 
will  be  retained  to  a  depth  of  10  X  2  =  20  cm  and  therefore  the  settlement  of 
our  foundation  on  thawing  to  a  20  cm  depth  con  be  assumed  to  equal  0*75  X  2  = 

1*5  cm* 

In  l*'ig*  2,  the  graph  for  the  settlements  of  a  foundation  measuring  141*4  X 
X  M I *d  has  been  portrayed  in  the  form  of  eurve  0AB|\  while  settling  at  thaw¬ 
ing  depth  «•'  20  cm  lias  been  indicated  by  segnu  .t  OAB,  twice  as  large  as  segment 
OA,  depicting  the  poor  It's  settling  ti  I.  thawing  depth  of  10  cm* 

At  thawing  of  frozen  ground  under  the  experimental  punch  from  10  to  20 
cin,  the  latter  developed  the  settling  indicated  by  curve  OAfi  in  the  form  of 
segment  Aa* 

The  stresses  which  were  acting  in  this  cast  in  the  newly  thawea  layer 
with  a  depth  of  10-20  cm  will  ho  in  effect  under  a  foundation  measuring  141*4  X 
141*4  cm  in  a  Iyer  20-d()  cm  deep*  Therefore  the  segment  of  the  curve  for  the 
foundation's  settlings  corresponding  to  this  layer  will  be  portrayed  by  seg¬ 
ment  litf  ,  parallel  to  segment  Aa,* 

In  the  same  manner,  we  have  drawn  curve  O^E  for  a  foundation  measuring 
212*1  X  212*1  cm. 

Proceeding  further  by  the  same  approach,  drawing  straight  segments  par¬ 
allel  to  the  segments  of  the  eurve  for  the  experimental  punch's  settlings,  we 
construct  curve  0A11.T ,  yielding  the  settlings  of  our  foundation  for  any  depth 
of  thawing  under  the  same  individual  load  (in  kg/ cm2)  which  the  stamp  had  in 
the  process  of  the  frozen  ground's  thawing  under  it  (the  stamp)* 

In  the  case  of  rectangular  or  circular  foundations,  the  calculation 
should  be  conducted  as  for  a  square  foundation  which  is  equivalent  in  area* 

The  question  will  still  remain  of  how  to  determine  a  foundation's  set¬ 
tlement  if  the  stress  under  its  base  exceeds  somewhat  the  stress  which  exist¬ 
ed  during  the  experiment  when  thawing  was  under  way*  Such  a  question  is  in¬ 
evitable  since  the  final  load  on  a  foundation  is  established  after  the  test 
rather  than  pr.>.or  to  it. 
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Pig.  2*  Curves  Depicting  the  Punch's  Settlings  Depending  on  Depth 
of  the  Soil's  Thawing  Un«ler  Punch  (the  cliain  line  depicts  the  as¬ 
sumed  pattern  of  settlings  under  punch  and  foundations  beyond  the 
limits  of  the  test  data)*  Key:  a*  Settlings,  mm;  b*  cm2  etc*;  and 

c*  Depth  of  thawing* 


Wo  have  depicted  in  Pig*  3  the  curve  0A£  Bf  for  the  dependence  of  the 
punch's  settling  on  the  load  value  for  the  same  experiment  which  has  been  re¬ 
viewed  above*  Segment  OA  portrays  the  punch's  settlement  under  an  initial  load 
of  2*0  kg/cm2  uo  the  end  of  the  process  of  thawing  under  it  and  at  the  moment 
of  stabilization  of  settlings  and  thawing  depths*  Segments  AfJ,  $B  and  Bf 
reflect  the  punch's  settlings  at  individual  load  stages  after  completion  of 
thawing* 

In  this  manner,  settling  along  segment  OA  includes  the  "thiwing  subsi¬ 
dence"  and  the  "compression  settling"  under  pressure  <T  -  2*0  kg/cm2*  However, 
segments  A  Vj  ,  |>  B  and  B  f  include  only  the  "compression  settling"  of  the  al¬ 
ready  thawed  soil  and  of  the  slightly  compressed  soil  (at-jr.;  2*0  kg/cm2)* 

Bused  on  the  graph  (Pig.  3),  we  run  assume  that  the  compressibility  mod¬ 
ulus  of  soil  having  thawed  under  a  loud  of  2  kg/cnr’ ,  for  pressures  greater  than 
2  Ug/cm-’  (lit  least  Prom  2— 1  ke/cm')  rim  ho  considered  constant  and  therefore  at 
this  stage  of  the  ex|wrime»t  and  cn leu lations,  full  use  can  be  made  of  the  pro¬ 
cedures  employed  for  thawed  foils. 

Thawing  prior  to  an  additional  load  can  bo  conducted: 

a)  in  the  entire  compression  zone  under  the  stamp,  i.e.  of  the  order  of 
about  three  widths  of  the  punch;  and 

b)  in  a  certain  part  of  the  compression  zone  insufficient  for  applying 
the  equations  derived  under  the  assumption  of  an  unlimited  compression  zone* 


Pur  the  first  case,  in  computing  the  foundation's  settlements,  we  can 

t<J  p  y  p 

proceed  from  the  Schleicher  formula  s  - .  Here  we  signify  by  s  the  dif¬ 

ference's  in  settlings  while'  p  the«  eo rrnsponeling  differences  in  loads,  i*e* 
few  e>ur  case*,  we>  will  utilize'  this  ('epMtion  in  the-  following  form: 


/itsK'  '  >1 

'  2«Vl 

where  \<X-  2*<>)  kg/cm2  the>  aelel  i  tional  loael  exceeding  2*0  kg/cm2  at  which  the 


soil's  thawing  was  conducted,  while  ^s  .  the  additional  settling  correspond¬ 
ing  to  ein  increase  in  loael  from  2*0  kg/cm2  to  Q~ * 


From  tho  equation  mentioned,  vc  riui  ilrrivr  tin*  valur  C  for  any  valnr  of 
<7  >  2  kg/cm2  and  hence  any  value  of  (Informal. ion  modulus  E;  us  desired,  we  can 
construct  a  compression  curve  for  pressures  greater  than  2*0  kg/cm2  for  ouv 
soil  after  its  thaving  under  a  load  of  2*0  kg/cm2 • 

Having  determined  the  modulus  of  elasticity  E,  ve  can  compute  the  value 
of  additional  "compression  settling"  for  pressure  above  2*0  kg/cm2  (in  the  lim¬ 
its  of  the  pressure  which  had  existed  during  the  experiment)  for  any  thawing 
depth  as  well* 

For  this  purpose,  we  will  utilize  the  equation 

s  =  pb/2E  (K  +  0*5  Ky), 

suggested  by  Engineer  Pol* shin  for  the  final  settlings  of  a  layer  with  finite 
depth,  supported  by  an  incompressible  soil*  For  our  case,  this  equation  can  be 
written  in  the  following  form: 

&  =  <K  +  0.5Ky) 

where  CT  is  given,  b  equals  the  half-width  of  the  foundation,  K  and  Ky  are  ta¬ 
ken  from  the  equation  suggested  for  them  by  Engineer  Pol' shin  or  based  on  the 
tables,  and  depend  on  the  ratio  of  the  rectangular  punch's  sides  a:b  (a  is  the 
longer  side;  for  a  square,  a:b  1)  and  in  addition  to  this,  K  and  Ky  depend 
on  value  z/b  (z  thawing  depth)* 

Wb) 


Fig*  1 •  Curve  Indicating  a  Punch's  Settlings  Depending  on  Amount 
of  Additional  Loads.  Key:  a*  Settlings,  mm;  and  b.  kg/cm2. 


Adding  the  calculated  vnluo  A s  of  additional  settling  to  tho  total 
settling  determined  for  thawing  under  an  initial  pressure  (equalling  2*0  kg/cm2 
in  our  rose  ill  so),  wo  obtain  the  overall  settlement  of  a  foundation  under  the 
design  load. 

It  now  remains  for  us  to  consider  a  case  when  the  soil's  thawing  under 
an  experiments! I  punch  is  considerably  less  than  the  compression  zone  and  it 
does  not  appear  feasible  to  utilize  the  Schleicher  equation*  Under  these  con¬ 
ditions,  for  determining  the  E-value  we  can  utilize  the  lost  data  (based  on 
additional  loads  after  thawing),  resorting  once  again  to  Pol*. shin's  formula: 


A  « 


(a-  -  2*0)  b 
2E 


(K  +  0-5 


V- 


Hero  all  the  values  except  E  are  obtained  from  the  experiment  with  the 
punch*  Having  determined  E,  based  on  the  same  formula  we  can  then  find  the 
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value  for  the  additional  settlement  of  any  foundation  (i*e*  for  any  b-  and  z- 
values);  as  indicated  alive,  after  this  we  determin  its  total  subsidence* 

In  this  manner,  the  techr.ique  which  ve  have  offered  for  conducting  the 
experiments  provides  the  opportunity  of  utilizing  their  results  not  only  for 
a  qualitative  evaluation  of  the  soil  from  the  standpoint  of  its  behavior  be¬ 
neath  a  structure  during  ihe  thawing  process  but  also  for  an  approximation  of 
;  tin*  settlements  possible  at  this  time  for  any  loads  and  for  any  thawing  depth 

with  an  accuracy  which  presumably  is  close  to  that  obtained  with  thawed  soils* 

j  The  amount  of  subsidences  is  given  in  dependence  on  the  thawing  depth 

j  starting  with  its  very  initial  values;  from  the  builder's  standpoint,  this  is 

j  uniquely  inqiortant  and  interesting* 

I  For  a  determination  of  settlings  through  time,  one  must  be  able  to  cal- 

j  culate  the  thawing  imttern  through  time  but  this  is  a  problem  within  the  sco^e 

|  of  heat  engineering  calculations* 

i* 

i 

{ 

j 

i 


! 


i 


